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disorder in solvent or counterion; R factor = 0.034; wR factor = 0.081 ; data-to- 
parameter ratio = 22.5. 



Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
r„i„ = 0.800, r„„^ = 0.895 

Refinement 

R[F^ > 2a{F^)] = 0.034 

wR(F^) = 0.081 

S = 1.06 

4904 reflections 

218 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



144514 measured reflections 
4904 independent reflections 
3939 reflections with / > 2cr(/) 
Ri„, = 0.090 



1 restraint 

H-atom parameters constrained 
APmax = 0.68 e A"' 
Ap„i„ = -0.70 e A"' 
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H- ■ A 
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C42-H42B- ■ CIS' 


0.98 


2.53 


3.422 (3) 


151 


C43-H43C- ■ Ol' 


0.98 


2.58 


3.510 (3) 


158 


C43-H43yl- ■ Ol" 


0.98 


2.43 


3.392 (3) 


167 


Symmetry codes: (i) x 


- J, y, -z + 1; (ii) 


-X + I, -y H 


-i,z + \. 





The asymmetric unit of the title crystal, [FeCl2(C3H9P)3- 
(CO)] [FeCl2(C3H9P)2(CO)2]-2C4H80, contains half mol- 
ecules of the two closely related Fe" complexes lying on 
mirror planes and a tetrahydrofuran solvent molecule, one C 
atom of which is disordered over two sets of sites with site 
occupancy factors 0.633 (9) and 0.367 (9). In both Fe" 
complex molecules, a distorted octahedral coordination 
geometry has been observed around the Fe atoms. Weak 
intermolecular C— H- ■ O interactions are observed in the 
crystal structure. 



Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008) and Mercury (Macrae et al, 2008); 
software used to prepare material for publication: SHELXTL and 
PLATON (Spek, 2009). 

The authors acknowledge financial support from the 
National Science Foundation (grant No. CHE 0420497) for the 
purchase of the X-ray diffractometer. 



Related literature 

For the synthetic background, see: Harris et al. (1978). For the 
crystal structure of a related complex, see: Venturi et al. 
(2004). 




Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: PV2394). 
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Experimental 

Crystal data 

[FeCl2(C3H,P)3(CO)]-[FeCl2- M, = 862.10 

(C3H,P)2(CO)2]-2C4H80 Orthorhombic, Pnma 
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Dicarbonyldichloridobis(trimethylphosphane)iron(II)- 
carbonyldichloridotris(trimethylphosphane)iroii(II)-tetrahydrofuraii (1/1/2) 

N. P. Rath, M, Stouffer, M, K, Janssen and J, R. Bleeke 
Comment 

An interesting cocrystallization has occurred from a reaction of CO with Cl2Fe(PMe3)2, resulting in compound (I), 
C8HigCl2Fe02P2, from the addition of two equivalents of CO to Cl2Fe(PMe3)2 and compound (11), CioH27Cl2FeOP3, 
probably from the addition of one equivalent of CO, followed by the rapid addition of one equivalent of free PMe3, which is 
present in the reaction solution. In this paper, we report the crystal structure of the two compounds, (1) and (II) which have 
been cocrystallized along with a molecule of tetrahydrofuran solvate per molecule of complex (Fig. 1). 

The asymmetric unit of the title crystal contains half molecules of the two compounds, (1) and (11), lying on mirror planes 
and a molecule of tetrahydrofuran solvate, C4H8O; a carbon atom of the solvent molecule is disordered over two sites C4S 
and C4S' with site occupancy factors 0.633 (9) and 0.367 (9). In compound (1), the PMe3 ligands occupying axial positions, 
are trans with respect to each other with an angle of 175.20 (4)° and the CO and CI are trans with respect to each other 
at equatorial positions. In compound (11), the trans PMe3 ligands are located at 166.41 (4)° to each other; the 3 PMe3 is 
trans to a CI. The octahedral coordination is completed with the 2nd CI being trans to a CO ligand. In both compounds, the 
ligands around Fe lie in slightly distorted octahedral coordination geometry. An overlay plot of the two molecules drawn by 
Mercury (Macrae et al, 2008) shows the close similarity of the two molecules (Fig. 2). 

There are weak intermolecular interactions of the type C-H - 0 which are observed between both the carbonyl O atoms 
of (I) and a methyl hydrogen atom of (II). The O of the solvent THF also has weak interactions with a methyl hydrogen 
atoms of (II) (Table 1). 

Experimental 

3 3 
FeCl2 (0.21 g, 1.62 x 10 " mol) and PMe3 (0.40 ml, 3.86 x 10" ) were stirred in 20 ml of THF for 10 min, producing a clear 

gray solution of Cl2Fe(PMe3)2 (Harris et al, 1978) in the presence of excess PMe3. Carbon monoxide was then bubbled 

through the solution until the color changed to an intense orange. The THF solvent was removed under vacuum and the 

resulting powder was extracted with pentane. After filtration through Celite, the pentane was removed under vacuum. The 

product was dissolved in a 1:2 mixture of THF and pentane and cooled to 243 K, causing orange crystals to form overnight. 

Refinement 

H atoms bonded to the C atoms located on the mirror planes were located in a difference map and refined using a riding 
model. Other H atoms were calculated with idealized geometries with C-H = 0.98 and 0.99 A for methyl and methylene 
type H-atoms, respectively, and refined using a riding model with (7iso(H) =1.2 (1.5 for methyl groups) times {7eq(C). A 
molecule of THF was located in the asymmetric unit wherein C4 was disordered with partial occupancy factors 0.633 (9) 
and 0.367 (9). 
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Figures 




Fig. 1 . The molecular structure of (I) and (II) with atom labels and 50% probability displace- 
ment ellipsoids for non-H atoms. Disordered atoms in the solvent are omitted for clarity. Sym- 
metry codes represented by A in atomic labels: for (I) = x, 0.5 - y, z and for (II) = x, 1.5 -y,z. 



Fig. 2. Overlay plot of the two molecules. 



Fig. 3. A unit cell packing plot of the title crystal; H atoms have been omitted for clarity. 



Dicarbonyldichloridobis(trimethylphosphane)iron(ll)- 
carbonyldichloridotris(trimethylphosphane)iron(ll)-tetrahydrofuran (1 /I /2) 



Crystal data 

[FeCl2(C3H9P)3(CO)]-[FeCl2(C3H9P)2(CO)2]-2C4H8QD^ = 1.397 Mg m"^ 
M,.= 862.10 
Oithorhombic, Prima 
CI = 10.8391 (9) A 
6= 16.9670 (12) A 



c = 22.2871 (18) A 
F= 4098. 8 (6) A^ 
Z = 4 

7^(000) = 1808 



Mo Ka radiation, X = 0.71073 A 
Cell parameters from 9975 reflections 
6 = 2.6-27.4° 

|i = 1 .20 mm ' 
T= 100 K 
Plate, light yellow 
0.20x0.12x0.10 mm 



Data collection 

Bruker APEXII CCD 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 8.3333 pixels mm"' 
(p and CO scans 



4904 independent reflections 

3939 reflections with / > 2a{I) 
i?int = 0.090 

6max = 27.6°, 9„in =1.5° 

/! = -14^14 
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Absorption correction: multi-scan 

(SADABS; Brulier, 2008) k--2l-y22 

r„ij, = 0.800, r„ax = 0.895 ; = -29^29 
144514 measured reflections 



Refinement 

Refinement on 
Least-squares matrix: full 

R[F^ > 2a(F^)] = 0.034 

wi?(F^) = 0.081 

S= 1.06 

4904 reflections 

218 parameters 
1 restraint 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 

sites 

H-atom parameters constrained 

w = l/[a^(Fo^) + (0.0323P)^ + 5.017P] 
where P = (Fo^ + 2FcV3 
(A/a)max = 0.002 

Apmax = 0.68 e A"^ 
Apmin = -0.70eA"2 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d's in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d's involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted /{-factor wR and goodness of fit S are based on , convention- 
al i?-factors R are based on F, with F set to zero for negative F^. The threshold expression ofF^> o(F^) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. iSiffiiZ restraints used: 

delu o2 c2 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
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Atomic displacement parameters (A^) 
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Geometric parameters (A, °) 
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-H32A 


0.9800 


PI— C12 




1.807 (4) 


C32- 


-H32B 


0.9800 


PI— Cll 




1.814(3) 


C32- 


-H32C 


0.9800 
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x^i i 


1.814 (3) 


C41 — H41A 


0.9800 


r z, — \^z,z. 




P41 H41R 




rz. — \_-z, i 


1 SI T (J\ 


i — jnt i v^. 




P2 — C21' 


i.oli (1) 


C4z — rl4zA 




01 — CI 


1.139 (3) 


C42 — H42B 


0.9800 


Cll — HllA 


0.9800 


C42 — H42C 


0.9800 


Cll — ^HllB 


0.9800 


C43 — H43A 


0.9800 


Cll — ^HllC 


0.9800 


C43 — H43B 


0.9800 


C12 — ^H12A 


0.9565 


C43 — H43C 


0.9800 


C12 — ^H12B 


0.9731 


CIS — OlS 


1.419 (3) 


C21 — ^H21A 


0.9800 


CIS — C2S 


1.503 (4) 


C21 — ^H21B 


0.9800 


CIS — HlSl 


0.9899 




U.VoUU 


pic U 1 CO 
\^ 1 o 1 1 1 oZ 


U.VoVO 






P7C PIQ 


1 4Q7 (A\ 
1 .^y / [Hj 


P77 H77R 


0 QSQ7 


P7C M7Q1 


yj.yoyj 


rcz, y^z. 




poc U9C9 




Ve^O pi 
r cz. r J 


7 77'^7 (\ Vi\ 

Z..Z.Z.JZ. 




1 477 ^f^^ 


Fe2 — ^P4" 




PIC U1C1 


u.yyuu 


r cZ — 


7 7 81 8 (f^ 


pac M1Q7 


A QQAA 


Fe2— C12 


2.3433 (9) 


C4S— OlS 


I Ml (6) 


Fe2— C13 


2.3895 (11) 


C4S— H4S1 


0.9900 


P3— C31 


1.792(4) 


C4S— H4S2 


0.9900 


P3— C32 


1.823 (2) 


C4S'— H4S3 


0.9900 


P3— C32" 


1.823 (2) 


C4S'— H4S4 


0.9900 


P4 — C41 


1.814(2) 






CI'— Fel— CI 


94.97 (15) 


C31— P3— Fe2 


117.95 (13) 


CI'— Fel— PI 


91.50 (8) 


C32— P3— Fe2 


116.50(8) 


CI— Fel— PI 


91.50 (8) 


C32''— P3— Fe2 


116.50 (8) 


CI'— Fel— P2 


91.74(8) 


C41— P4— C42 


99.88 (13) 


CI— Fel— P2 


91.74(8) 


C41— P4— C43 


101.48(12) 


PI— Fel— P2 


175.20 (4) 


C42— P4— C43 


103.34 (12) 


CI'— Fel— CU' 


179.61 (8) 


C41— P4— Fe2 


114.12 (9) 


CI— Fel— CU' 


85.42 (7) 


C42— P4— Fe2 


117.88 (8) 


PI— Fel— Cll' 


88.51 (2) 


C43— P4— Fe2 


117.46 (8) 


P2— Fel— Cll' 


88.22 (2) 


02— C2— Fe2 


179.8(4) 


rii Fel Cll 


85.42 (7) 


P3— C31— H31A 


108.3 


CI— Fel— CU 


179.61 (8) 


P3— C31— H31B 


111.6 


PI— Fel— Cll 


88.51 (2) 


H31A— C31— H31B 


106.7 


P2— Fel— Cll 


88.22 (2) 


P3— C32— H32A 


109.5 


CU'— Fel— Cll 


94.19(3) 


P3— C32— H32B 


109.5 


C12— PI— Cll 


103.51 (12) 


H32A— C32— H32B 


109.5 


C12— PI— Cll' 


103.51 (12) 


P3— C32— H32C 


109.5 


Cll— PI— Cll' 


103.6 (2) 


H32A— C32— H32C 


109.5 


C12— PI— Fel 


115.20 (13) 


H32B— C32— H32C 


109.5 


Cll— PI— Fel 


114.74(9) 


P4— C41— H41A 


109.5 
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Cll— PI— Pel 


114.74(9) 


C22— P2— C21 


103.45 (11) 


C22— P2— C21' 


103.45 (11) 


l^Z 1 — r z. — V^Z 1 


103.62 (18) 


i^zz — z — rci 


iij. /o i^iZJ 


i_-z i — z — rci 




C21' — P2 — Pel 


11/1 

114.DU (y) 


01 — CI — ^Fel 


177.4 (2) 


PI — Cll — ^HllA 


109.5 


PI — Cll — ^HllB 


109.5 


HllA — Cll — HUB 


109.5 


PI — Cll — ^HllC 


109.5 


HllA — Cll — HUC 


109.5 


HUB — Cll — HllC 


109.5 


PI — C12 — H12A 


109.5 


PI — C12 — H12B 


104.3 


H12A — C12 — H12B 


111.3 


P2 — C21 — H21A 


109.5 


P2 — C21 — H21B 


109.5 


H21A — C21 — H21B 


109.5 


P2 — C21 — H21C 


109.5 


H21A — C21 — H21C 


109.5 


H7 1 R 0 1 H7 1 C 


109.5 


P2— C22— H22A 


111.9 


P2— C22— H22B 


110.4 


H22A— C22— H22B 


108.2 


C2— Fc2— P3 


85.09(11) 


C2— Fe2— P4" 


96.00 (2) 


P3 — Fe2 — ^P4" 


93.689 (19) 


C2— Fe2— P4 


96.00 (2) 


P3— Fe2— P4 


93.687 (19) 




166.40 (4) 


C2 Fe2 C12 


178 23 fill 


P3— Fe2— CI2 


96.68 (4) 


pa" Fp7 PI"? 

Fez v^iz 


83.905 (19) 


PA Fp7 PI? 

— r cz \^iz 




C2 — Fe2 — C13 


83 88 (11) 


P3— Fe2— CI3 


168.98 (4) 


P4"— Fe2— CI3 


87.469 (19) 


P4— Fe2— C13 


87.471 (19) 


C12— Fe2— C13 


94.34 (3) 


C31— P3— C32 


102.17(11) 


C31— P3— C32" 


102.17(11) 


C32— P3— C32" 


98.60 (16) 


CI'— Fel— PI— C12 


-132.49 (7) 


CI— Fel— PI— C12 


132.49 (7) 



P4— C41— H41B 


109.5 


H41A— C41— H41B 


109.5 


P4— C41— H41C 


109.5 


H41A — C41 — H41C 


109.5 


TT41R P41 TT41P 


1 no s 


PA PA"? WA9 A 


TOO S 


TtA f^A"^ U/1^D 

r'l — C4z — hl4zr5 


1 An c 


H42A — C42 — H42B 


109.5 


P4 — C42 — H42C 


109.5 


H42A — C42 — H42C 


109.5 


H42B — C42 — H42C 


109.5 


P4 — C43 — H43A 


109.5 


P4 — C43 — H43B 


109.5 


H43A — C43 — H43B 


109.5 


P4 — C43 — H43C 


109.5 


H43A — C43 — H43C 


109.5 


H43B — C43 — H43C 


109.5 


OlS— CIS— C2S 


107.5 (2) 


OlS — CIS — HlSl 


110.2 


C2S — CIS — HlSl 


110.2 


OlS — CIS — H1S2 


110.1 


C2S — C 1 S — H 1 S2 


110.3 


141 Q1 P1Q 141 


1 ns ^ 


C3S— C2S— CIS 


105.2 (2) 


C3S— C2S^H2S1 


110.8 


CIS— C2S— H2S1 


110.7 


C3S— C2S— H2S2 


110.5 


CIS— C2S— H2S2 


110.7 


H2S1— C2S— H2S2 


108.9 


C4S— C3S— C2S 


101.1 (3) 


C4S— C3S— H3S1 


111.6 


C2S — C3S — H3S1 


111.6 




111.6 


C2S— C3S— H3S2 


111.6 


H3S1 — C3S — H3S2 


109.4 


nis P4<\ p'^s 


1 flfi 8 (A.\ 


0 1 S PAS HAS 1 


110.4 


J k> — L-4 — ±14 o 1 


1 1 r» 4 


01S^C4S^H4S2 


110.4 


C3S— C4S— H4S2 


110.4 


H4S1— C4S— H4S2 


108.6 


CIS— 01S^C4S 


106.3 (3) 


H4S3— C4S'— H4S4 


108.9 



P4"— Fe2— P3— C32 153.62 (10) 

P4— Fe2— P3— C32 -37.81 (10) 
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CU'— Fel— PI— C12 47.118(16) 

Cll— Pel— PI— C12 -47.117(16) 

Cl'— Pel- PI— Cll 107.43 (14) 

CI— Pel— PI— Cll 12.42(14) 

Cll'— Pel- PI— Cll -72.95(12) 

CU— Pel— PI— Cll -167.19(12) 

CI'— Pel— PI— Cll' -12.42 (14) 

CI— Pel— PI— Cll' -107.43 (14) 

Cui—Pel- PI— Cll' 167.19(12) 

Cll— Pel— PI— Cll' 72.96 (12) 

Cl'— Pel— P2— C22 132.49 (7) 

CI— Pel— P2— C22 -132.49 (7) 

CU'— Pel— P2— C22 -47.128(16) 

Cll— Pel— P2— C22 47.126(16) 

Cl'— Pel— P2— C21 -107.25 (12) 

Cl— Pel— P2— C21 -12.23 (12) 

Cll'— Pel— P2— C21 73.13(10) 

CU— Pel— P2— C21 167.38 (10) 

Cl'— Pel— P2— C2l' 12.23 (12) 

Cl— Pel— P2— C2l' 107.25 (12) 

CU'— Pel— P2— C2l' -167.39 (10) 

Cll— Pel— P2— C2l' -73.14(10) 

C2— Pe2— P3— C31 180.0 

P4"— Pe2— P3— C31 -84.29(2) 

P4— Pe2— P3— C31 84.29(2) 

C12— Pe2— P3— C31 0.0 

C13— Pe2— P3— C3 1 1 80.000 ( 1 ) 

C2— Pe2— P3— C32 57.91 (9) 
Symmetry codes: (i) x, -y+ll2, z; (ii) x, -y^'ill, z. 



C12— Pe2— P3— C32 
C13— Pe2— P3— C32 
C2— Pe2— P3— C32" 
P4"— Pc2— P3— C32" 
P4— Pe2— P3— C32" 
C12— Pe2— P3— C32" 
CI3— Pe2— P3— C32" 
C2— Pe2— P4— C41 
P3— Pe2— P4— C41 

P4"— Pe2— P4— C41 
C12— Pe2— P4— C41 
C13— Pe2— P4— C41 
C2— Pe2— P4— C42 
P3— Pe2— P4— C42 

P4"— Pe2— P4— C42 
C12— Pe2— P4— C42 
C13— Pe2— P4— C42 
C2— Pe2— P4— C43 
P3— Pe2— P4— C43 

P4"— Pe2— P4— C43 
C12— Pe2— P4— C43 
C13— Pe2— P4— C43 
OlS— CIS— C2S— C3S 
CIS— C2S^C3S^C4S 
C2S— C3S^C4S^01S 
C2S— CIS— OlS— C4S 
C3S— C4S— OlS— CIS 



-122.09 (9) 

57.91 (9) 
-57.91 (9) 
37.81 (10) 
-153.62 (9) 

122.09 (9) 
-57.91 (9) 

111.10 (15) 
-163.46 (11) 
-40.7 (2) 
-67.12(11) 
27.52 (11) 
-132.18(15) 
-46.74 (10) 
76.00 (19) 
49.60 (10) 
144.24(10) 
-7.49 (15) 
77.96 (10) 
-159.30 (17) 
174.30 (10) 
-91.06 (10) 
11.0(4) 
-28.5 (4) 
36.8 (5) 
11.8 (4) 
-31.1 (6) 



Hydrogen-bond geometry (A, °) 

D—n-A 

C42— H42B-01S'" 
C43— H43C-01'" 
C43— H43A-01''' 



D—n 

0.98 
0.98 
0.98 



2.53 
2.58 
2.43 



D-A 
-iAll (3) 
3.510(3) 
3.392 (3) 



D—n-A 
151 
158 
167 



Symmetry codes: (iii) xr-\l2, y, -z+3/2; (iv) -x+3/2, -y^\, z+1/2. 
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